A Lidar Approach to Measure Atmospheric CO, Concentration from Space for NASA ASCENDS Mission

NASA’s ASCENDS Mission

Active Sensing of C0; Emissions over Nights, Days, and Seasons (ASCENDS)

Why lasers ?

(ASCENDS)
Launch: 20132016

* Measures at night & all times of day
* Constant nadir/zenith path
* Illumination = observation path
» Continuous "glint" measurements
over oceans

* Measurements at high latitudes

GO, measurements:
Draginight, all
sessons, all latitudes

Imventony of global
C0., sources and
inks

Connection batween
climate and CO,

exchange

+ Small measurement footprint

Active Sensing of CO, Emissions over Mights, Days, and Seasons L J

Mission Size: Medium

Irproved chmate
models and
predictions of
atmosphenc CO,

Identification of
human-generated
L0, sources and
sinks to enakle
effective carbon
trading

Clezes the carbon
budget for
improved policy
and prediction

* Measure through broken clouds

* Measure to cloud tops
- Very high spectral resolution and

accuracy

Are several lidar approaches for CO2 column:
Broadband laser - 1570 nm band - A tuned receiver

1 line - 2 um band - pulsed - direct detection
1 line - 2 um band - CW heterodyne detection

1 line - 1570 nm band - synchronous direct detection
This approach ——» 1 line - 1570 nm band - pulsed direct detection

1 Goddard Earth Sciences and Technology Center, University of Maryland at Baltimore County;

Jianping Mao’, S. Randolph Kawa?, James B. Abshire?, and Haris Riris?

Scattering from thin cirrus clouds
must be reduced via techniques like time gating

Laser Sounder Approach for ASCENDS Mission
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Cloud Altitude (km)

Cirrus clouds:
Reflect signal in shorter path to cl
Attenuate signal from surface

p180= 0.04, Sfc albedo= 0.20
CO, Error (ppmv)
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Measures:

Simultaneous laser

- CO2 tropospheric column

measurements:
1. CO2 lower tropospheric column
One line near 1572 nm
2. 02 total column (surface pressure)
Measured between 2 lines near
765 nm
3. Altimetry & atmospheric
backscatter profile from CO2 signal:
Surface height and atmospheric
scattering profile at 1572 nm

Measurements use:
* Pulsed lasers
*+ 8-10 KHZ pulse rates
* 8 laser wavelengths for CO2 line

*Time gated Photon counting receiver

- 02 tropospheric column ]
- Cloud backscattering profile &

4

clowds

- ~450 km polar orbit
CO2: 1572 nm
02: 765 nm

€02 & 02 column measurements:
* Pulsed (time gated) signals :
» Isolates full column signal from surface
* Reduces noise from detector & solar background
*Target: ~ IppmV in ~100 km along track sample

Temperature Sensitivity of 1572.33 nm line

Candidate CO2 Line, Sampling & Vertical Weighting
Functions
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Water Vapor Absorption in tropics will
influence CQO, line selection
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Monapulse Approach

Multi-wavelength Line Sampling allows:
* Detection & correction of Doppler & h errors
* Modeling -> reducing errors from varying A response

* CO2 retrievals for: Lower troposphere

Total Column from line area

* Total column; Line shape information

& is quite complex
Pulsed lidar measures to surface through scattering

Vertical dimension:

Geoscience Laser Altimeter System — 2003 i “fw“r}ﬂ_ N}?: "
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Aerosol & Cloud Lidar Measurements from Space

¥
J. Spinhirne/ NASA GSFC } .
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* Water vapor influence is usually small
* Measurements in tropics mean

* Choose CO, line and wavelengths
carefully !
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Oxygen - Open path measurement of absorption lines

near 765 nm

Telescope viewing target
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Oxygen A band: Atmospheric

Peak optical power ~ 50 mW
transmission for 100 m path at STP

Attenuation for round trip was ~10°

Tunable 1530 nm.doubled LM
to ~765 nm = A
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Oxygen A-band Temperature Sensitivity
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* Doublet at 764.7 nm has the minimal temperature sensitivity
* Clear line separations for both of f-line and on-line frequencies

O2 absorption measurements from laboratory
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Airborne O2 Lidar Parameters:
« Seed Wavelength: 1530 nm

« Custom NP Photonics EDFA Distance to target: 1.5 km 065/ ;ﬁ‘;"ﬁ.‘f‘p’,?‘.,.me |
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Measurement Model & Mission Performance
Simulation

S.R. Kawa et al., “Simulation studies for a space-based CO2 lidar mission,” in-press, Tellus-B, 2010.

Model CO,
Atmosphere

Surface
Reflectivity

Cloud, Aerosol

Mission Sampling Distributions

Concept (x, vy, t)

- @ Transfer Model
Instrument Model

signal
(A's, 1y, unc.’'s) 9
—

Atmosphere State
(T! p! HEO’")

Radiative

Evaluate
Performance

Retrieval
Algorithm

=» Test sensitivity of inferred CO, distributions to varying mission & instrument
design parameters.

2NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA

Global surface reflectance used in measurement
performance simulations
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Snow BRDF
(2010)

High-accuracy measurements of smow Bidirectional Kelleciance
Distribution Function at visible and NIR wavelengths = comparison
with modelling results

N, Dmamaawi ' . CF, Briesnd , G Parard® . B, Srlmiii=, J -0, Galler' | amad Y, Lrmamad
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* Reflectance over land from MODIS 16-d composite BRDF-adjusted nadir reflectance. Missing data =0.2.
« Over water, Fresnel reflectance is calculated at nadir using 10-m wind speed from the meteorological analysis.
* Reflectance over ice that is not available from MODIS (e.g., in the polar dark) is assumed to be 0.1.

» [ce cover extent is determined from the GEOS-4 analysis.

Space: SNR & Relative Measurement Errors

(10 seconds observing time, 500* km orbit, 1.5m telescope)

CO2 column measurement 02 column measurement

C02 Sounder Performance Estimate from Space

1572 nm, 1.2 KHZ lasar pulse rate, 1 usec laser pulse widlh

10 second averaging time, JWST HgCdTe Detector —
| | g

Oxygen Measurement Performance from Space
765 nm, 1.2 kHz laser pulse rate, 1 usec pulse width
10 sec averaging time, Si APD SPCM Detector
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Laser Peak Power (W) Laser Peak Power (W)

~ 3 mJ/pulse energy (HgCdTe detector*) ~ 3 mJ/pulse energy (SPCM detector)

6 mJ energy from 1530 nm amp, 50% doubling
Ave optical power ~25-30W Ave optical power ~25-30 W
* - Same performance at 3 mJ/pulse with PMTs at 400 km orbit

Rel Measurement Errors scale as (laser pulse energy)!*(T)-1/2

Using Calipso measurements to Representing
Clouds in Error Model
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* Clouds are highly variable at 5-km resolution. 1.0] ]
* Along-track averaging narrows the PDF (fewer high and 0.8/ )
low values). I;;:.:
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A possible ASCENDS Lidar Configuration
(2nd study - layout not optimized)

Ejectable Launch Cover

Radiator ass’y.
,:/"/ 2.4 m tall
Baffle
1.77 m outer diameter

Release Mechanism
3 ea.

Secondary mirror
Support struts

5/C interface plate

Power Supply
(Laser power amplifier)

1.5 m primary mirror

NS

02 laser assy. Optical Bench

Laser power amplifiers
CO2 laser assy.

2nd study - Aft view of optical bench

 Conducted studies of this approach for ASCENDS space lidar in 4/08 and 9/09
« Several aspects can be further optimized in design studies
« Straightforward space lidar design:

* Mass: ~ 400 Kg (can be reduced via more efficient layout)

* Power: ~ 850W (3dB margin); driven by SNR needs

* Data rate: ~1.9 Mbit/sec; high latitude comm. ground site

* Low risk: Space qualified telescope, O2 detectors
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* Detectors -> reliability via multiple detectors & spares. 58 iﬂ'ﬂ,‘h
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* Primary power draw: lasers &#&#a

» Lasers: high efficiency & reliability & spares D Dy >
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Some key space lidar components

1.5 m Diameter Recel
Telescope (ESA ADM

.
2
it |

[ -1 D

sopE

COZ2 detector:
Left: Hamamatsu H9170-75 PMT:

15% QE used in airborne lidar

Right: ~70% QE HgCdTe detector (under
evaluation)

02 Lidar detectors:
DER tunable seed lasers:

_ BMHz linewidth, > 30nm tuning SPCM detectors flown on
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CO2 Sounder approach has key capabilities:

CO2 and O2 (pressure) measurements
Column height measurements

Clean spectral regions

Lower and upper tropospheric CO2 column
measurements

Robust against cloud & atmospheric scattering
errors

Active Sensing of CO; Emissions over Nights,

Days, and Seasons (ASCENDS) Mission CO2 measurements demonstrated from aircraft

Ground-based 02 measurements demonstrated
NASA Science Deflinition and Planning Workshop Report

Tuly 23-25, 2008 (airborne ones in prep.)
University of Michigan in Ann Arbor, Michigan

Lidar Power*Area product needed for space has
been assessed

Space instrument studies show technology is

practical

Workshop report:
http://cce.nasa.gov/ascends/index.htm




